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Abstract. Developing a Mission Operations
Concept for a space mission is a systcm cnginccring
process. It involves rnultiplc  discip]incs working
together to dcscribc the operational attributes of the
flight  and ground clcmcnts  of the mission. A space
mission operations concept cmphasins  the way the
mission will bc operated and used (operational
chalactcristic).  This is done in terms that arc
undcrsiood by the operators of the systcm ud the
users (the recipients of the data from the systcm).

The Operational Attributes of a Mission arc
dcscribcd by considering nine mission
characteristics. These characteristics may bc traded
back and fo]lh for COSI  and performance attributes of
the mission l)cvcloping a Mission Operations
COnccpt  is the process through which changes to
mission rcquircmcnts  and/or design can bc idcntiticd.
‘J’hcsc  changes arc usually made to lower the Mission
1 .ifc Cycle Cost.

‘1’hc inputs to the Mission Operations Concept
incl udc flight, ground and management functions.

Mission Operations Concepts arc gcncratcd for
ncady all space missions. It is a rcquircmcnt  in
many project plans and in the RF}% that arc
gcncratcd by that plan. I ]owcvcr,  there is no
definition of what is included in a mission operations
concept, of what should bc considered when
generating this operations concept; of what the
process is or of what the products arc.

This paper will discuss the process ofdcvcloping a
space mission operations concept; the bcnctits of
stalling this systcm  cnginccring task early; the
ncccssary  inputs to the process; and the pI-oducts
that arc gcncratcd.

‘]’his paper is based on a chapter in a text book that
will bc published in March 1996 -- prior to the
NCSC Confcrcncc. In addition, this process has just

started going through an international review that
will result in an 1S0 Standard for a Space Mission
Operations Concept checklist. This chccldist  will
dcscI-ibc the inputs, and outputs required to conform
to the 1 SO standard for a space mission operations
Concept

‘J’hc paper will include that latest draft of the
international standard checklist. It will explain the
systcm cnginccring proccsscs  and the benefits of
generating an operations concept during the study
phase, early in the life-cycle of the project. It will
then explain the impo]lancc  of maintaining the
operations concept throughout the life-cycle of the
project.

What is a Mission Operations Concept?

A process which involves rnultiplc  disciplines,
working togcthcl- to dcscribc the operational
attributes of the flight and ground clcmcnts of the
mission. It is similar to the dcvcl-opmcnt  of a space
mission concept cxccpt that the Mission Operations
Concept is more detailed, It emphasizes the way the
mission will bc operated and used (operational
characteristic).lt dots this in terms which arc
understood by the operators of the systcm ~ the
users (the recipients of the dat a from the systcm).

‘1’ypically a Mission Operations Concept will bc
dcvclopcd  for each significant change to ccllain
inputs to a Mission.

‘1’hc Operational Attributes of a Mission alc
dcscribcd by considering nine mission operations
clcmcnts. ‘1’hcsc may bc traded back and fo]lh for
cost and pcrfonnancc  attributes of the mission.

It is through the process of developing a Mission
Operations Concept that changes which will Iowcr
the Mission 1,ifc Cycle Cost can bc idcntiticd.



I’hc inputs to the Mission Operations Concept incluctc flight,
ground and management functions. ‘J’hcy  arc dcscribcd in detail in
IIIC section on inputs.

Why should a Mission Opcralions Conccpf bc Ihxclopcd?

1 )cvcloping a Mission Operations Concept requires that ditTcrcnt
disciplines communicate with each other. ‘J’hcsc might include
mission dcsig~}crs,  S/C designers, payload designers, ground
systcm designers, ground systcm operators, and recipients of data
fiwm the mission operations systcm.

‘1’hc way that a space vchiclc is finally operated is oflcn different
than what the designers of that space vchiclc had in mind. 1 ;arly
colnmunication  among designers, operators and users of the data
from the mission sho]lcns the development time. I’his is duc to
fewer changes being ]-cquircd during the dcvclopmcnt or testing
phttscs  of the mission

‘J’hc  process emphasizes areas in these disciplines where tradcofls
should bc studied in o]-dc] to n]inirni~,e life-cycle costs and inqwove
the ret um of information from the mission,

‘J’hc  opcrat ions conccpi, when documented, maybe used as a
source of derived ]-cquircmcnts  on the dcvclopmcnt of functions of
the mission operations systcm.  Since the mission operations
concept is responding to top-]cvcl  mission requirements, it is easy
to associate the derived rcquircmcnts  to the top- Icvcl mission
]-cquil-cmcnts and to show ]-cquircmcnts  traceability dul-ing tbc
design phase ofthc mission,

When tbc mission operations concept is performed early in the life
cycle of a project, it often forces the resolution of design
incompatibilities which would othclwisc  have to bc solved (mini-
mi~cd) by operations dcvclopmcnts  or procedures.

WIIcn should a Mission Operations Concept be Dcvcloprd
and What should it cover?

1 lacb Mission Concept should have a corresponding Mission
Opcrat ions Concept. ‘1’hc two concepts may bc dcvclopcd in
parallel. ‘l’his  process will save cycle time and rcducc the
conceptual and dcfinit ion phase of a proj cct. When dcvclopcd  in
parallel, the Mission Operations Concept can quickly feed back
any suggestions for reducing MOS costs into the develop-mcnt of
the Mission Concept,

chal]gc

The Operations Concept should bc emphasized during
Prc-phase A, l’hasc A, Phase B, and the early portions of
Phase ClIl. lJndcr certain conditions it can even bc
conducted dul-ing l’hasc J i (Operations). When the
Operations Concept is dcvclopcd during phase C/l) or E,
the only changes that can bc made arc to the nine mission
operations clcmcnts. ‘J’his means changes will bc made
only to the Grounds Systcrn, to the l>coplc and
]’roccdurcs, or to the l;light Soflwarc,

I’hc Operations Concept should bc updated during the life
of tbc project. It is an cxccllcnt tutorial for ncw project
personnel to gain an overview of the concepts that arc
being cxccutcd by the Mission Operations Systcm.

Attributes of an Operations Concept

IJcvcloping an Operations Concept is a process which
involves multiple disciplines, working together to
dcscribc the opcrationat attributes of all functions of the
systcm in the tcnns of the users of the systcm.  It fosters a
common understanding ofproccsscs among divcl-sc
clcmcnts of a project.

An operational concept stresses the way the systcm will
bc operated and used (operational characteristics). “l’his
wil I bc done in terms which arc undcl-stood  by the
opct-ate]-s of the systcm AND the recipients of the data
from the systcm, ‘1’hc  process will focus on areas which
al-c (1) not understood, ( 2) controversial, and (3) cosf.
and performance dri vcrs on the systcm.

Other areas which arc identified and discussed during the
process alc documented for complctcncss.  l>cvcloping
an operations concept has also been shown to bc a
method of addressing systcm-level technical issues which
cross separate funding boundaries,

“1’o pcrfonu an oJ~ct-ations concept, the kcy interfaces and
attributes placed on the Mission Opel-ations Systcm must
bc identified. I’hc process of developing an operations
concept, idcntifrcs  the kcy interfaces within the Mission
OJ]c[-ations Systcm. It is only at this J~oint that the life
cycle costs of a mission concept can bc dctcrmincd.

‘fhc earlier the Mission Opct-ations ConccJ]t  is conducted, the mOI c
influcncc  the results will have on the dcvclopmcnt phase. ‘l’his is
bccausc the intcifaccs  and attributes of the inputs arc ICSS defined,
and tradcofls  can bc made. l’able 1 shows how the input
chal-actcristics  bccomc  Iinalizcd during the prc-project phases. By
the time phase C/l) is star[cd,  the Ground Systcm Capabilities,
ANJ}  the attendant Operations Staff arc the functions that usually



‘J’able 1 Operational Concept Input Changes vs Mission l’hasc

Operations Concept Inputs }’rojcct Phase

l’rc A A H Cil) };

Mission Scope, Objcctivcs  and Payload Rcquircmcnts civ F F F F

Mission Plan c c cn: F F
Mission Philosophies, Strategies and Tactics c c F 1’ 1:

Programmatic Constraints a’ F F 1’ 1’

S/C Crtpabi]itics  and Characteristics c c cm 1’ F

l;light S/W c c c cm m:

Payload Capabilities and Charactcl-istics c c C/l’ F F

Gound  Systcm Capabilities and Characteristics 1 m I  ifc I Yc 1 w ~w
1 hd-to-] ind information Systcm Characteristics c c c m’ vm:

l;nd User l>ata l’roduct IJcfinition c c c u I m:

F= input usually Frozen during this phase
C= input usually changeable or being defined during  this phase

‘I”ablc showing which of the above inputs arc generally fro~cn as a function of the dcvclopmcnt phase }’rc-phase A
through 1;

c/Ji= Changeable but only for cause and with supporting rational (usually cost or pcrfonnancc)
I;/C= lixisting Capabilities Defined Ncw capabilities may bc defined
]M; = lhisting  CaJ]abilitics  l’ro~cn, Ncw capabilities may change, hut only for cause and with supporting rational (usually
cost or pcrfonnancc).

WIIO should lsc involved in developing a
Mission Operations Concept?

‘J’hi]-teen functions have been defined which arc
1used to dcscribc  a Mission Operations Systcm.

1 Ncntually  rcprcscntativcs  of each of these
functions need to bc involved in the dcvclopmcnt
of a mission operations concept. in the early
phases (conceptual), onc person will oficn

rcprcscnt  several MOS functions,

A rcJwcscntativc from onc of the MOS functions
will usually provide a person who is the facilitator
and the kccpcr  of the concept. This person often
comes from the Systcm 1 ;nginccring  or the
Mission l’lanning  function and is tyJ]ically trained

‘ cost Efrcctivc Space Mission Qxrations, McGraw 1 I ill,
1996, Chapter 3, h~ission Operations }’unclions.

in 1 ind-to-l ind information Syslcm }hginccring.
‘fhc Mission Concept and the Mission Operations
Concept arc closcIy  linked. Sornc of the same
individuals will bc involved in both activities.

inputs to a Space Mission Operations Concept

Nine difl-crcnt  inputs should bc considered when
developing a space mission oJ~crations concept.
All the inputs may not bc known early in the lifc-
cyclc of a projcct,but reasonable assumptions
should bc made and documented. If these
assumptions need to bc changed later, the effect of
the changed assumptions can bc quantified.

‘J’hc  nine inputs that should bc considered arc:
1. Mission Scope, objectives and scicncc

rcquircmcnts.
2, Mission l>cscription



3.
4.
5.
6.
7.
8.
9.

Mission philosophies, strategies, and tactics.
l’rogram  constraints.
1 tnd-to-cnd  information systcm characteristics
Ground-systcm chriractcristics
Payload Characteristics.
f$pacccrafl charact crjst i Cs.
1 ind-users’ definition of nccdcd data and data
products.

‘fhc above inputs must bc stated in terms that arc
meaningful to an operator.

DIW1lI.OPING  TIIE MISS1ON
OPERATIONS CONCEPT

1. ldcntify  the mission concept and the supporting
space mission architect urc

2, 1 )ctcrminc  Mission Operations functions which
wc to bc performed.

3. ldcntif~  ol>tions for accomplishing these

4.

5.

6.

7.

8.

9.

functioi]s.’ldcntify  if the capabilit~ exists or if it
must bc dcvclopcd.

l>cl-form trades for items identified in step 3.

I JCVC101J  opcrationa]  scenarios for the functions
dctcrmincd in step 2 and the options sclcctcd in
StC]) 4.

I Icvclop  tirnclincs  for each scenario.

Allocate StcJm of the scenario to 1 lardwarc,
Softw’arc, or l’coJJlc.

l)cvclop l)ata now l)iagl-ams.

Charactcrizc  the organization and the team
responsibilities.

10. Assess mission u[ility, complexity, and cost
of mission operations.

11. ldcntify derived rcquircmcnts  and cost and
complexity drivers. Negotiate changes with
the mission conccJlt.

I’hc Mission Opcraiions Concqt Document

While developing the mission operations conccJlt,
keep the information in electronic form and
available to all members of the project, ‘J’his is

done so that people both inside the project and
outside peers can have ready access to review and
to critique the concept.

l)ocumcnt Organization and Structure

A suggested structure for the Mission Operations
Concept docurncnl  is given below. It is easier to
review both mission opcl-ations concepts fo]-
diffcrcnt missions and mission opt]-ations concepts
for ditTcrcnt designs of the same mission, if a
standard structure is followed.

The structure and content of most mission
oJ~crations concepts written today rctlcct the
cxpcricnccs and background of those persons
wol-king on the concept rather than a systematic
way of presenting the information.

● h-lJmts
. Scenarios
● ’J’inlclincs
.l>coplc and proccdurc functions
● } lardwarc  and soflwarc functions

● llata Now IIiagrams
● l<cquircmcnts and derived rcquircmcnts

System Engineering and the Dcvclopmcnt  of
an Operations Concept.

‘J’hc above sections dcscribc the process and
methodology of developing a mission operations
COllCCJ>t

l;rom an oJ~crations point of view, it is the most
imporlant oJ~crations document dcvcloJJcd prior to
launch

It is truly a systcm cnginccr’s  task to bring
togcthci- the sJ~acccraft dcvclopcrs and the ground
systcm dcvclopcrs and oJ~crators. “l’his cnginccr
will Icad the trade studies that arc required during
the early phases of the project dcsigo.

Onc way to understand the options availab]c  is to
build a table which contains the operations
functions that apply to the mission’s ground data
systcm and to the avionics. ldcntify whether the
avionics (automated) or the ground systcm will do
each function. If the function is on the ground,
dctcnninc  whether the hardware, soflwarc, ol-
oJ~crators will con~Jdctc the function.



.,’.

‘lablc 2 contains a table that maybe filled out. done by operators, the systcm cnginccr leading the
If a check goes in more than onc place, dcscribc operations concept should identify what
which functions arc done in each place and technology is required to move the function from
whether options exist. I/or those functions that arc an operator to an autonuttcd process on the ground

or in the avionics.

MOS Function I Avionics Ground } lardwarc / Operators
Software

Activity planning and
dcvclopmcnt
Mission Control
l)ata transpoll and
dclivcly
Navigation planning and
analysis
Spacccrafi planning and
analysis
Payload planning and
analysis
l’ayload  data processing

l’able 2 Whereto cal-ly out mission operations functions

Systcm lhginccring  and ‘llwlc Studies

‘1’hc 101 J-Icvc1 appollionmcnt of functions bctwccn
the gl-ound  and the flight avionics is done during
the mission concept. With this as an input, the
syst cm cnginccr  develops the mission operations
concept. It is impollant  to note that the mission
concept, mission-operations concept and the
design of ihc space and ground clcmcnts al-c
closely related, As dcsi gn procccds,  COSIS arc
always in the p]anncrs’  mind. As designs for the
space and ground systcm clcmcnts mature, trade
studies am conducted to get the lowest COS(  and
best design within certain cost caps. Whcncvcr  it
appears that a cost cap will bc cxcccdcd and ways
to meet the rcquircmcnts  within the ground  systcm
or operations area cannot bc identified through,
trade st udics, the next higher lCVC1 of systcm
cnginccring,  the onc that develops the mission
concept must bc invoked to find solutions within
the total mission trade study space.

IJigure  1 shows this process where operations
trade studies and space-clcmcnt trade take place
within the life cycle process of the space clcmcnt
and the operations clcmcnt. When these trade
studies cannot find solutions that meet
rcquilcnlcnts  and cost, then the mission trade
sludics  must bc conducted which addresses the
mission concept and project rcquircmcnts.

A Space Mission Operations Concept
Standard

The basic information contained in this paper is
being considered by onc of the Intct-national
Standards Organi~,ations (1S0) ‘1’cchnical
Conunittccs as a potential international Standard.
‘1’hc standard, when approved will bccomc a check
list that will list the considerations that must bc
considered when developing a space mission
oJ>crations concept and the minimum topics that
must bc included in the contents of the document.
‘lhc cumcnt dratl of this standard will bc available
for review and comment at the symposium.

Conclusions

‘J’hc dcvc]opmcnt  of a mission operations concept
cnab]cs  the systcm cnginccr to discuss changes to
the mission concept based on quan[itativc  data.
‘J’hc car]icr  the first mission operations concept is
dcvclopcd, the grcatcl the lcvcragc for minimizing
life-cycle costs. It is impollant  to keep the mission
oJ~crat ions concept cuwcnt bccausc it is the
bcst,top-level description of how the mission will
bc flown and of the tools that arc nccdcd to fly the
mission.


